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0000 OO0 1.2 Thethermodynamic limit In this section, we will explain how the large numbers of
molecules ina typical thermodynamic system mean that it is possible to deal withaverage quantities. Our
explanation proceeds using an analogy: imaginethat you are sitting inside a tiny hut with a fiat roof. It is
rainingoutside, and you can hear the occasional raindrop striking the roof. Theraindrops arrive randomly, so
sometimes two arrive close together, butsometimes there is quite a long gap between raindrops. Each
raindroptransfers its momentum to the roof and exerts an impulse2 on it. If youknew the mass and terminal
velocity of a raindrop, you could estimatethe force on the roof of the hut. The force as a function of time
wouldlook like that shown in Fig. 1.1(a), each little blip corresponding to theimpulse from one raindrop. Now
imagine that you are sitting inside a much bigger hut with a fiatroof a thousand times the area of the first roof. Many
more raindropswill now be falling on the larger roof area and the force as a function oftime would look like that
shown in Fig. 1.1(b). Now scale up the areaof the fiat roof by a further factor of one hundred and the force
wouldlook like that shown in Fig. 1.1. Notice two key things about thesegraphs: (1) The force, on average, gets
bigger as the area of the roof getsbigger. This is not surprising because a bigger roof catches moreraindrops. (2) The
fluctuations in the force get smoothed out and the force lookslike it stays much closer to its average value. In fact,
the fluctuations are still big but, as the area of the roof increases, they growmore slowly than the average force does.
The force grows with area, so it is useful to consider the pressure, whichis defined as The average pressure due to
the falling raindrops will not change as thearea of the roof increases, but the fluctuations in the pressure will
decrease. In fact, we can completely ignore the fluctuations in the pressurein the limit that the area of the roof grows
to infinity. This is preciselyanalogous to the limit we refer to as the thermodynamic limit. Consider now the
molecules of a gas which are bouncing around in acontainer. Each time the molecules bounce off the walls of the
container,they exert an impulse on the walls. The net effect of all these impulses isa pressure, a force per unit area,
exerted on the walls of the container. Ifthe container were very small, we would have to worry about fluctuationsin
the pressure (the random arrival of individual molecules on the wall,much like the raindrops in Fig. 1.1(a)).
However, in most cases that onemeets, the number of molecules in a container of gas is extremely large,so these
fluctuations can be ignored and the pressure of the gas appearsto be completely uniform. Again, our description of
the pressure of thissystem can be said to be "in the thermodynamic limit", where we havelet the number of
molecules be regarded as tending to infinity in such away that the density of the gas is a constant.
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